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- ABSTRACT. Discussions of various theories of the evolution
- -of the universe are followed by predictions that certain

i events of importance in astronomy and astrophysics will take

e place before the year 2000, including observations from the
. surface or from the vicinity of planets of the earth group,
_ and the use of nuclear energy in space probes. It is pre-
- dicted. that solutions will be found for such problems as the

3oL nature of the expanding universe as well as for other prob-

- lems related to various theories pertaining to the origin

o and evolution of the universe, The new astronomical revolu-
e tion which began in the XX century will lead to a confirma-
Lt tion and specific definition of relativistic cosmology.

One of the most outstanding statements of the theory of relat1v1ty, con- j /171%
talned in the book written in 1923 by A. A. Fridman, '"The Universe as Space o
‘and Time," was prefaced by the author in the form of an epigraph of the '

-following extract from "The Historical Materials of Fedot Kuz'mich Prutkov':
"Once when the night covered the heavens with its mantle, the French phllos- :
opher Descartes, who was 51tt1ng on his stalrstep and was regardlng the |
'gloomy horizon with great attention, was approached by a passerby with the

‘question: "Tell me,vwise man, how many stars are in the sky?" "You good'fbr

‘nothing!,” he answered, "No ome can comprehend the incomprehensible!" These

words, pronoUnced with great force, had the desired effect on the passerby."

In the first lines of the book following the epigraph, A. A. Fridman says
that ""Among thlnklng humanity we shall always find curious passersby and more
- well-mannered wise men than Descartes, who attempt, on the basis of 1n51gn1f-
1cant data, to create a plcture of the universe." [1] In the remalnlng
decades of the XX century these well—mannered wise men will be able to. respond
to questlons of curious passersby about the universe, based on data which is .

“no longer quite so insignificant. But the matter no longer concerns calcula-

t10n5 concerning discrete bodies in the universe. alone. The space problem is

*Numbers in the margin indicate pagination in the foreign text.



fjgdiionger and perhaps not so much a problem of interacting discrete bodies as | /112
f?it is a problem of fields which differ in nature. The most significant dis- |
‘A:ftinction consists of the fact that now it is impossible without any theoretical
~Aijconstruc:tAicms which encompass the metagalaxy as a whole to advance with |
}sufficient rapidity in those fundamental fields of science which give to our
:éra its characteristic dynamism. '

- The classic picture of interacting bodies--of the stars, planets and
- comets--was the result of the first astrondmical revolution, brought about By
the telescope. When in 1610 Galileo directed his telescope toward the sky and
idetected the discrete nature of the Milky Way and other previously unknown
- ;facts and published his discoveries in "The Stellar AmBassador,” a period
.*bégan of proof; theoretical thought and specific definition of fhe Copernican
"fjéyﬁteﬁffof the picture of interacting bodies withput the "matural movements"

S
‘of Peritatetic cosmology.

The new astronomical revolution whiéh'béganAih'fhe”middle of the XX cen-

e fiury and which continues now and has every‘chaﬁCe of encbmpaésing'the end of

- the century, and perhaps even the beginning of the next century, will apparently
iead to the confirmation and specific definition of relativistic cbsmology,
‘i.e., to a picture of space which is curved, and the radius of which changes

 with the passage of time. In this connection the new astronomical revolution
permits us to see in this space'the play of interacting fields, the existence

and behavior of the quanta of these fields and of elementary particles.,

- The second astronomical revolution takes as the most general basic idea
the relativistic model of the metagalaxy and attempts,to associate it not only
with gravitation but also with different types of fields. If we speak of

"gbservational facilities then the initial point of a new astronomical revolu-
tion is made up, first of éll, of observations from satellites and space
probes and secondly of the replacement, or‘to be more exact, the supplementing
of the human eye by astrophysical instruments which detect electromagnetic
lﬁhveé not only in the optical but also in other ranges, as well as the flows

of various particles in addition to electromagnetic radiation.

Artificial earth satellites and space ships have already permitted us to. -



. gbserve-the -radiation of astronomical obJects with no hindrance from the

“earths atmosphere on these observations. A quite reliable prediction for the

year 2000 promlses cbservations from the surface of the moon and from the

“—surface or from close orbits surrounding Mercury, Venus and Mars. The pos-

itﬂsiblllty of delivering astronomical and astrophy31ca1 instruments to planets

; uf‘fhe earth group is the fundamental point of predlctlons for the development

ut‘astrbﬂomy “for the year 2000. Space rockets at the present time still do

J_notwemploy nuclear energy. But such use is foreseen in predictions for the

i

year 2000. In this sense astronautics, which now has its own independent -
“power base (therefore it is valid to add "space' in the oft-repeated charac-
.-terization "atomic-space era"), as a result will experlence the resonance

i effect of nuclear power and will depend on its progress.

There is still another and significantly more subtle relatlonshlp between

the prospects of astronomy and nuclear physics. This concerns nuclear re-

_actions known to the physicist which draw for explanation upon the results

-of astrophysical observationms,

- The transfer of nuclear models from the microcosm to stellar astronomy

i"1'E'urni'slb1e*:s particularly important results when we speak of the so-called

main sequence of the stars. This term, which was introduced by Eddington,

;is defined as follows.

Stars consist mainly of plasma--of hydrogen nuclei, i.e., of protons and
“helium nuclei, mixed with electrons torn from them. In addition, stars also
have in comparatively small humbers the nuclei of heavier elements--of oxygen,
"nltrogen, carbon, ‘iron and several others. Stars belong to different spectral
classes, they are dlstlngulshed by color. The color depends on temperature -
"and may be reddish, yellowish and at the very highest temperatures, white and
Tﬁluish On the other hand, stars are also distinguished by luminosity (i.e.,
by the quantlty of energy radiated by the star per unit time). Luminosity is
' associated with the apparent brlghtness of a star; the latter depends also on
ﬂdlstance and if all stars are reduced to an arbitrary standard distance the

luminosity will be a measure of absolute stellar magnitude. Stellar radii

u“-wchange within very wide limits: there are stars no larger than the earth

("whlte dwarfs"), whlle others occupy a space whlch 1s suff1c1ent not only
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~£or the sun, but also for the orblteof the.planets of the earth group Mass

“shows less change 51nce large stars may be billions of times less dense than

s e e o | i b i s JRSPUE ST U i

.small stars.

- For most stars luminosity.and color coincide: if along the horizontal

H

_SexiSvfrom the left to the right we place the spectral classes which correspond

'~to decreasing stellar temperature and we place increasing luminosity values

along'the vertlcal axis from the bottom to the top, we see that most stars

- —fall along the- dlagonal which passes from the upper left corner (i.e., from
the~teg10n of high luminosities and high temperatures) to the lower right
‘eorner (i.e., to the region of low luminosities and low temperatures). This
_is the "mainbsequence" of stars: on the diagram 1ominosity decreases with a
-reduction in the temperature of stars and with a change in their color from
*ff;%iue~and~whife~to~yellod~and then to red.

Outside.the main sequence we find stars with very high luminosity
~("glants" and "super giants'), but which belong to a spectral class which co-
incides with a comparatively low temperature, they are dlstlngulshed by a |
reddish (sometimes by a yellowish) color and are called red giants. WAlso out-

- ——side the main sequencewohwthe"diagramAie the group of stars of'high'spectral

“¢lass with comparatively low luminosity (“white dwarfs").

- The evolution of stars in the main sequence is explained by the course
of nuclear processes. The basic source of. stellar energy is the thermonuclear
.. reaction, the formation of helium nuclei from protons., The stellar period on
‘"_”fﬁe main Sequence agrees w1th the specific effect of the thermonuclear re-

action on stellar radlatlon. The evolution of a star in the main sequence,

[P PTIOP O SO

i.e., the spectral change in its radiation and correspondlng change (this
-COrrespondence also means that the star remains in the main sequence) in

-luminosity has the following significance, in the‘light of nuclear physics [2].

.~ _ Let us assume that interstellar material began to condense and then under /175
the influence of gravity the primary cloud formed a nontransparent, gaseous

- =sphere.

Grav1tat10na1 forces compress ‘this sphere, its temperature 1ncreases

but it is still not large and therefore the star color approaches red;

“a ‘ -



" luminosity, which depends on mass, may be very high., Subsequent gravitational
wcompre351on increases the temperature, the star color begins to correspond to
‘jmlts luminosity, and the star proves to be in the main sequence. Now the star'l

:éwtemperature permits the thermonuclear reaction to begin and this reaction in
| turn maintains the temperature, and therefore also the radiation spectrum of
}the star at a sldwly changing level. The star luminosity also changes slowly.

xéfif the mass is high and the radiation is quite intensive (as for "blue giants'),
}in the course of several million years the star loses its hydrogen reserves, B
ffhe protons are convérted comparatively rapidly into helium nuclei and the star
“becomes a helium sphere, the luminosity of which no longer corresponds to its
iWspectrum. But soon (on the space time scale) a new nuclear reaction begins.
TThree helium nuc1e1 are transformed into a hydrogen nucleus,. If the tempera-
_ture continues to be high other thermal reactions may also occur which ter-

‘H:: minate with the formation of iron, which is then incapable of participating

Tin nuclear reactions with the release of energy. For a star with a mass
“approaching that of the sun the entire evolutionary process may continue for

"= gbout 10 billion years.

‘Such calculations are directly associated with nuclear physics and are
§:Quite characteristic for atomic age science. The basis‘of these calculations
- .consists of concepts concernlng nuclear reactions which thus far have not
“been applied in practice but which serve as the basic object of experlmental
:and theoretical investigations. But here another aspect of the atomic era
“exerts an influence., Star evolution may be expressed in quantitative def-
#1n1t10ns, whlle the perlods of evolutionary stages, temperatures, radii,

luminosities and star spectra may be expressed only with the aid of electronic

.~computers.

}« For stars with a mass which approaches that of the sun, i.e., those with
;é lesser mass or a somewhat greater mass (up to 1.2 times the mass of the sun),

o ‘~the last stages of this biography consist of transformation into 'white
R N
| dwarfs" and of subsequent cooling. Their mass remains the same--of the order /176
-of the mass of the sun, while dimensions are significantly reduced and ‘

approach those of the earth. In this case density attains values of tens of

. tons per cubic centimeter. Such a fate may also befall a "red giant," if it



‘throws off its mantle and reveals an 1ncandescent nucleus (i.e., if it passes

_-to another spectral class) and reduces 1ts mass.A

"White dwarfs' may exist for an extended period of time, i.e.; for
-~ billions of years, while gradually cooling and being transformed into "black
ijdwarfs,ﬁ which do not radiate at all. The comparative stability of 'white
nﬂdwarfs"»is explained by purely quantum regularities., Thermonuclear reacfions
't‘which release large quanfities of energy no longer occur in the "white dwarf."
“The exhaustion of the nuclear fuel disturbs the balance which is characteristic

-of the main sequence between gravitational compression and the pressnre of

_.incandescent plasma particles. But here the principal revealed by Pauli
-plays a part, in that two electrons are forbidden te be in the same state.
:iWith high density of the plasma which consists of nuclei and electrons,
“electrons with identical velocity are Very close to each other and the Pauli
'rlexclusion is expressed in their mutual "repulsion'--in the elasticity of the
‘electron gas! .

We have spoken above concerning the origin of stars from diffused,
‘scattered matter as the initial step in their evolution.uwAnothef concept
" also exists which states that the stars were formed from dense bodies.[3].
This concept, developed by V. A. Ambartsnmyan and his school, has a high
. "prediction importance'; there is some justificatien for assuming that this
:eoncept will acquire new arguments during the course of the years and decades

- of the near future.

The theory of the evolution of stars is based on the theory of nuclear
,:feactions and on the theory of gravitation. As long as we are examining the

main sequence and preceding stages of evolution, we are concerned with

-gravitation as described by Newton's theory. But gravitational processes

_exist which by nature may go beyond the framework of Newtonian theory. These'Q/177
;proceeses break through the normal and "ordinary'" (i.e., subordinate to T
: iﬁewtonian law) gravitational forces of stellar evolution, associated with

.~nuclear reactions. In connection with similar cataclysms a star, in the -

1See the description of this situation and of stellar evolution as a whole
in the article by I. D. Novikov, '"The Final Fate of the Stars' (Reference
- manual "Future SC1ence,” an Edltlon Moscow 1968 Pp. 111-125).
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: cuurse of a short time, radlates more energy than ‘billions of stars, ‘than an

“-entire galaxy. Such processes perhaps serve as the reason for calllng these

outbursts supernovae [4]

New stars flare up frequently--nearly 100 per year in the galaxy; while
m%supernovaemappear_in large galaxies on the average of once in the course of a ‘
'?Century°4 In our galaxy the last supernova occurred in 11604, Now, when it is'.

R M-““ﬁdss1b1e to observe a multltude of galaxies (in connection with which not only
ffoptlcal radiation can be perceived and measured), sufficient observations have|
been accumulated which clarify the nature of supernovae. It is possible to |
3 :believe that supernovae sometimes appear from stars which have already under- ‘
~gome an extensive evolution, and sometimes from young, extremely massive stafsi
which exceed the mass of the sun by two times or mere. Upon flareup they
, iferm gaéeous nebulae which are characterized by a'high degree of radio activity
‘and powerful optlcal and X-ray radiation, V. L Glnzburg and I. S. Shklovskiy
‘believe the supernova outbursts to be the main source of cosmic rays. The
‘;problem of the origin of cosmic rays is one of the maln,astrbphy51cal problems‘
: “for which solutions must be projected for the éhq;of the century. In this
eregpept extraterrestrial observations from space'probes,,from‘fhe lunar surface
and from the planets of the earth group will allow a‘more exact determination
of the composition of primary cosmic rays, while yet unchanged by interaction

-with the earth's atmosphere,

The nature of supernovae is still far from clear and everything that is
éaid about this subject now represents only initial hypotheses which illustrate
f;he nature of the astrophysical problems which will be solved at the end of
the century. It is possible that during the course of this time the concept
yill be confirmed concerning an explosion caused by gravitational compression
under the influence of forces which correspond to Einstein's law of gravitation. /178
‘This idea is quite characteristic of contemporary astrophysics, of its tend-

“encies and prospects.. : |

‘~  We have already spoke of "white dwarfs," i.e., of the comparatively stable
‘final states of stars with a mass not greater than 1.2 times the mass of the

-sun, For stars with large mass, electron gas pressure is insufficient to

ey B

oppose grav1tat10nal compre551on, the latter contlnues to act and the star 1s



' reduced to. dlmen51ons of the order of. 10 km,cwhlle_acqulrlng fantastic den-

m_slty whlch exceeds the den51ty of the atomic nucleus, i. e., 100 billion tons

<+ e et i i

per'cublc centlmeter. In connection with this density the free electrons
:.e;cnmblneaw1thwprotons, the protons capture them and are converted into neutrons;-
~ the star then consists of closely compressed neutrons. In this overdense
}~staxe complex atomic nuclei no longer exist. Then only elementary particles
»w«ww~f4u%nnxnr1han~nucteon5'may*exrst* “these particles do not’ 3151ntegrate under
»i~such high density.

?4 Within specific limits the elasticity of overdense matter may oppose
-5 _further gravitational compression. If a neutron star did not exceed in mass

ﬁ*jqulce the mass of the sun or lost its excess mass, .it would gradually cool.
_At the present time the existence of neutron stars has not been proved. In-
-we&uded«among~thewforthcom1ng possible-discoveries in the predictions of
) - astrophysics are discoveries of neutron stars in connection with neutrino
observatlons, 1 e., of uncharged particles with zero rest mass, the radlatlon 

of whlchamust accompany hypothetical Teactions in these stars. Perhaps

‘meutron stars will be detected by their X-ray radlatlon [51.

- A neutron star with a mass not exceeding two times ‘the mass of the sun
is first included among the cooling and then among the cooled stars and this
-"is the final point in-its evolution. For this mass of the star after dis-
'niuption of the balance between elasticity due to nuclear reactions and grav-
1tat10nal compression is greater than the indicated value, the elasticity
of the compressed -and neutron-rich substance do not stop grav1tat10na1 com- /179
“pression which 1n.thls case acquires the nature of a cosmic catastrophe.
“*Catastrophically rapid compression is called gravitational coiZapse. This
g ;}érm‘is already familiar to us for gravitational‘collapse was encountered in
-.=commection with the hypothesis of maximums . ‘This concerns star compression
“under the influence of gravitational forces which develop in accordance with
QEinstein s law of gravitation. ‘In accordance with Newton's law, graVity in-
creases without limit when the distance between bodies approaches zero. On
‘the surface of the star the grav1tat10na1 forces approaches infinity when the
'star contracts to a p01nt, i.e., its dimensions approach zero. According to

Elnsteln'swlaw grav1ty approaches 1nf1n1ty when the radius of the star



Py

f é@bfoéEhés“éraefinite‘value which is proportional to its mass.

For the sun

~or for another star with the same mass this radius equals three kilometers.
:fHere, at this distance from the center ofvthe star, the gravitational forces

" “become infinite and the rate of convergence of the particles under the in-
ifluence of these forces becomes equal to thé velocity of light., An extremely -

~paradoxical picture follows for this case from the theory of relativity. It

would seem that a body in motion in such a gravitational field would cover a
“tremendous difference in the course of a brief instant. But this "brief

~instant" in the theory of relativity loses absolute meaning. The expression

. f"%rief instant" has meaning for a system of reference fixed on the star it-

“© ‘electromagnetic oscillations to infinite periods. This means that electro-

_self. For other systems, for example, for our earth system of reference,
‘'this instant becomes an increasing time interval in proportion to the progress

—of ébmpression, and when this brings the star to the critical radius already

- _mentioned, the instant is infinitely extended.

3 The general theory of relativity examines gravitation as a changé in the
‘space-time metric. The greater the gravitational field stress at a given point,
‘the greater the change in the metric, and thus the longer becomes a second A
measured at this pbint if we convert to another coordinate system and measure

_this second there. In a star system that which lasts for a second in another

- coordinate system may prove to be an hour, a century, one thousand years or

a billion years. In connection with star compression to the critical radius

~indicated above, any time interval becomes infinite in another reference /180

:éystem free from such an intensive gravitational field. The increase in time
~intervals in a gravitational field is expressed, in particular, in an increase
fﬁn'the period of electromagnetic oscillations and correspondingly by an in-

crease in the length of electromagnetic waves and in a red shift of spectral

«,iiinesa A gravitational field cbrresponding to star compression to the critical

cradius (which is proportional, as we have already mentioned, to the mass of

_the star and for the mass of the sun equals 3 km) converts the periods of the

‘magnetic radiation ceases. All radiation ceases. The collapsing star is

‘associated with other bodies only by gravitation. The star falls, in the ex-

T lﬁression by Ya. B, Zel'dovich, into a gravitational grave.



~principally from ordinary relativistic processes (here the word "ordinary"

“Gravitational collapse belongs to a number of processes which differ

_designates "comparatively known to science, serving the basic object of inves-

- i-tigation and'applied in practice"). These ordinary relativistic processes re-
quire for their description consideration for the relationships of the theory

of relativity because released and absorbed energies are compared with the

'%}est masses of particles multiplied by the square of the speed of light. Ultra-

1)

‘main sequence, where grav1tat10na1 compre551on 1s balanced by thermonuclear

-relativistic processes, beginning with the discoveries at the Beginning of the
;1930'5 of annihilation and generation of electron-positron pairs, are asso-

"ciated with the absorption and release of energies of the order of the rest

;nass, multiplied by the square of the speed of light. The study of such pre-

YCesses brings science closer to a solution of the most fundamental problems

for our time de rerum natura, and facilitates the practical application of

‘these processes and the tran51t10n to an ultrarelat1v1st1c civilization--the

fﬂfembodlment of §ubnuc1ear physics.

'and nuclear reactions in general, the debut and the finale in the life of

stars approach the full realization of the equation E = mcz, i.e., to the full

transformation of potential énergy into radiation energy. Under conditions

“of ultrahigh pressures involving density greater than the density of the
~atomic nucleus, and concentration of the entire mass of the star in a sphere
] 7w1th a radius of several kllometers with infinite (for the external observer)

~ length of radiated waves in this world of the collapsing star, certain pro-

esses occur on subnuclear scales which are still not clear. A picture of

these processes cannot be drawn if we are limited by the special theory of

"<'relat1v1ty. Here gravitation encroaches upon the microcosm. In connection
-with the tremendous density of matter which is only encountered here in
écollap51ng stars, in the small dlstances between particles, the gravitational

-5 ;relatlonshlps which are very weak by the ordlnary scales of atomic physics

‘become quite intensive. Therefore in order to understand these processes a

-certain synthesis is required between the quantum physics of the microcosm

“and the general theory of relativity, i.e., the contemporary theory of grav-

‘itation.

10 T

. In contraét to ordinary evolution (in the meaning indicated above) in the

~
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T . " Thus the final fate of the stars depends malnly on their mass: stars

- with a mass of less than 1.2 times the mass of the sun become white dwarfs;
_stars with a mass of 1.2 to 2 times the mass of the sun are transformed into
:'E»neutron stars; stars with a mass which is greater than twice that of the sun
ww,mlllapse and fall into the "gravitational grave.'" 1In the process of revolu-
.“tion loss of the mantle is possible with a reduction in mass and a corres-
‘““f”?“*igpon&ing“thange in eventual fate, A characteristic feature of contemporary
- -astronomy and astrophysics is the close relatlonshlp between problems of
..stellar evolutlon and problems of galactic evolution. Stars form from 1nter— »
S stellar matter and they themselves are the source of replenishment of stellar
.:matter during cataclysms which strip away stellar mantles. But this deeire »
'”leads to a conclusion of a diminishing quantity of interstellar matter in the
-_galaxy Part of this matter remains in stable dwarfs whlch conclude the maln"
‘ sequence and another part remains in slowly evolving stars which do not exceed
—in-mass 1.2 times the mass of the sun and are not able during the time of
ifexistence of the galaxy to complete their evolution. This is the first con-
“‘clusion-concerning the balance of the galaxy from the plan of stellar evolu-
tion. It refers to the distribution of matter among stars and interstellar
.—ges. The problem of the origin of heavy nuclei follows from this plan of /182
istellar evolution. = The initial supply of hydrogen is gradually consumed in
?wthe formation of helium, Oxygen and carbon are formed from the helium. But
_at a certain stage the further accumulation of nucleons in the nuclei ceases,
--since new nuclei proved to be unstable and disintegrate‘beforevthey are joined
“by new nucleons. It may be assumed that the situation is different during
~eruptions which we call supernova outbursts. During the chain reactions which
occur here numerous neutrons appear which are captured by nuclei before their
*f;‘disintegration. After capture of the neutrons these nuclei become stable and
" the increase in the number of nucleons, i.e., the transition to heavier

;*elements-occurs without hindrance as far as those elements which are at the

45?-}ery end of the Mendeleyev table. During outbursts of supernovae heavy nuc1e1
'”penetrate the interstellar gas and subsequently into the second- generatlon ~

stars which are formed from the gas.

“~The following picture is drawn of the origin of the galaxy, i.e., of

‘events which occurred 10-15 billion years ago. The initial plasma cloud,

S b



mcbnSisting'meinly (or perhaps completely) of protons and electrons, was com-

pressed under gravitational influence, Condensation of the primary cloud

_____ occurred nonunlformly, and local coagulations occurred from which stellar

"~ * ~clusters were later formed; lesser coagulations within the limits of these
A:first coagulations were the future stars of the first generation. The cloud
{~became a protogalaxy. It rotated, which prevented the gravitational attrac-

;o—-tion of all plasma in the center; this was concentrated in the plane perpen-

~dicular to the rotational axis.

- Phenomena are known to contemporary astronomy which require further
J“:knalysis of the evolution of the galaxy for their erplanation. There is a
~basis for believing that the gradual transition from a primary proton-
Twelectron cleud'to a protogalaxy and then to the stellar galaxy has been in-
'?T terrupted and perhaps powerful explosions.in the galactic centers are
;-: eccurr1ng which are incomparably more powerful than ‘the outbursts of super-
-novae. In addition to the nebulae in the comp051t10n of our galaxy, whlch are
f due to outbursts of supernovae and which possess very ‘intensive radio-
| frequency radiation, there ex1sts very far from us ‘galaxies with 1nten51ve .
..radio-frequency radiation. It 1is possible that these radio gaZaxzes orlglnated
~from astronomical objects similar to those which were discovered at the
' ;houndaries of that part of the universe known to us. They are called super-
“stars, quasi-stellar objects, quasi-stars or quasars. It is possible to de-
_termine distances to the quasars from red shift, and therefore from recession
. veloc1ty, having compared this distance with the apparent brlghtness we
N )evaluate their luminosity. It may be concluded from this that the light from
'5quasars which reaches us now was radiated several billion years ago. A
‘;ﬁresent—day quasar, if it exists now, may be seen on the earth in many billions
:'icf years if by this time the earth, the solar system as a whole, and our

-galaxy are still in existence.

i

— What the quasar represents is not known at the present time. Its
i}uminosity, if we keep in mind the cbserved brightness and the tremendous
ldistance, exceeds by 100 times the luminosity of the most prominent of the
. galaxies known to us. The source of such energy may be gravitational com-

pression or thermonuclear reactions (proposals have been expressed concerning

12 _ S



'@ chain reaction of outbursts of supernovae, as well as the explosion of a

’}amaSSive gaseous sphere, formed in the galactic center, i.e,, a star several

f—

~The farther a certain galaxy is located from us the greater its recession

;Qvelocity‘and the greater the red shift., This reduces the apparent brightness

| of distant galaxies. Such brightness attenuation within certain limits is

§ .

v~ ‘-compensated for by the construction of very powerful telescopes in the opticalg
;iinfrared and radio bands and in the future by situating such telescopes on
»%‘artificial satellites and on the moon. In the more distant future they will
:;%ihlso be situated on the planets of the earth group and on satellites of thése
;jplanets. We may be assured that in the course of the decades which separate
;:hs from the year 2000, even more distant objects will be discovered which

?Mpérhaps will prdve to be more prominent and more enigmatic than quasars.

}* Distant astronomical objects are located é{fgfegi distances from us, bﬁt
. we study them as they were billions of yeérs ago when they sentAout'the light
- _ which reaches us now. Therefore observations of quésérs:may lead to very
- tfiadical cosmological conclusions and to new ébncepté conéerning the evolution

‘of the universe. Here it is possible to see a characferistic'peculiarity of /184
':gcientific predictions., The enumération of astronomical and astrophysical T
«i”problems (the evolution of the stars, neutron stars, supernovae, collapse,

f%he origin of cosmic rays, the nature of quasars) represents in essence a

" prediction design for the decades immediately ahead: we assume that during
-+ this period problems will be solved to a certain extent which were posed by

“the discovery of supernovae, quasars, etc. In contemporary astrophysics
.:élmost'each generalization, almost evefy new concept and almost every signif-

_icant result of observation represent ﬁot'only.hypotﬂétical statements which
‘i;ertain to the structure of the universe, but also hypdthetical statements
i?oncerning that development of astrophysics and astronomy which confirms and
?spécifically defines an expressed hypothesis or forces its refutation. Thére-
;fore the enumeration of problems and hypotheses in contemporary astrophysics
L and astronomy represents a certain diagramatic prediction of the development ’
“of science itself, .

This prediction issues from observations already made, concepts already
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““expressed and problems already formulated. In addition, any prediction in
“<this area involves the inevitability of new observations and fundamentally

. new results. A similar inevitability is the such an inevitability is the

E - authentic component of the prediction, although it does not permit specific

Q:}nterpretation. We have really only entered upon the era of extraterrestrial
—~observations and the study of nonoptical bands.. New observations will. cer-
.- ' tainly raise new problems and will change the development of astrophysics and

' ~astronomy.

- We are again convinced that scientific prediction represents in a general

lfcase a tangent to a real curve, a tangent which shows the direction of a

~curve which may change at any moment. This in no way changes the significance

lfbf predictions--neither theoretically nor practically. In contemporary
science the hypothesis more than at any other time is a condition of progress
;mfor authentic positive knowledge. In the phy51cs of elementary particles the
“contemporary period is a period of reasonlng out questlons which will be put
_to nature with the help of a new generatlon of expedltors. In astrophy51cs
“the contemporary period demands the reasoning out of questions whlch will b?,“

.put to nature with the help of telescopes and astrophy51cal ‘radiation re-

| celvers on satellites, on the moon and subsequently on the planets of the

»earth group. To a great extent the questions in the theory of elementary
 particles and questions of astrophysics coincide. Both however are prepared
lin'the form of physical and astrophysical hypotheses which in addition serve
‘as unique predictions of scientific development. As far as the practiéal

effect of these hypotheses and predictions are concerned, they raise the in-

~ tellectual potential of science and this affects the qualitatively indeter-

‘minate but undoubted acceleration in the progress of civilization. In order

"- to raise the intellectual potential of science a great deal of significance

-is attached to the unavoidable appeal to general cosmologic hypotheses during
.the development of large-scale particular astronomical and astrophysical
1prob1ems. of a large number of cardinal questions concerning the structure
“and evolution of the universe as a whole, we shall examine the questions:

 1) Concerning the homogeneity of the universe; 2) Concerning its finiteness
‘or infinity; 3) Concerning expansion of the universe; 4) Concerning its state

prior to expansion and 5) Concerning the symmetry or asymmetry of the universe
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~in the sense of equal or unequal content of particles and antiparticles.

A first glance at the sky de@gcts’thg_nonunifdrmity of mass distribution.

‘g_in stars matter differs sharply in deﬁsity from the interstellar medium.
. iStars are grouped in galaxies where the a?erage density is naturally greéter
‘,%”Ihanvin intergalactic space. The sun belongs to a galaxy which consists of
;7100 billion stars. Beyond this there is starless space and then new galaxies,
T‘Tj“fiécated at distances of I-5 million light years. Occupying even greater ex-
-<i;panses, we detect clusters which consist of tens or hundreds of galaxies.
~But we do not detect larger structural units. Therefore it is permissible to

s ;gssume that the universe, taken in scales which we encompass with the tele-

;<Sc0pe, is homogeneous. In passing to greater scales, we obtain at the

:mbdundary the same density of matter, regardless of where the stellar sky ob-
?wservation is made. For a sphere with a radius of about 3 billion light years,
;Qhere hundreds of millions of galaxies are located, the avérage density

A~approaches 10-30 g per cubic centimeter. We may examine the matter within

_these limits as a certain cosmic uniformity substratum, while ignoring local
"nonuniformities clear up to clusters of galaxies. The distances between such /1§g
clusters become very small in comparison with the sphere which' encompasses

- that part of the universe known to us. We may assume that the universe is

~;ffhomogeneous in expanses which are still inaccessible to the telescope.

A certain "optical horizon'" exists beyond which we are still unable to

- see, because objects are located there (if the picture is simplified someWhat)
- :Whidh recede from us at the speed of light; in this connection the red shift
~becomes infinite and these.objects are not visible. But at significantly
%réhqrter distances the postulate of homogeneity in the universe is a question
-which' can be confirmed by observations. The scope of the universe investi-

féated, for which its homogeneity is confirmed by observations, depends (within

~the limits indicated) on the power of telescopes, of their location outside

i}he terrestrial atmosphere and on the Possibility of intercepting‘all bands of

” [electromagnetic waves and all types of cosmic radiation, or in other words,
_on the course of the new astronomical revolution. As we shall see, answers to

“other fundamental cosmological questions also depends on this revolution.
T These include the question of the finiteness or the infinity of the
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__universe. Here we must. return to the brief remarks concernlng the general

~theory of relat1v1ty made at the beglnnlng of this book and develop them

' somewhat Einstein examines gravitation as a change in metrics, as a tran-

?%;s;tlon from Euclidean properties of space-time to non-Euclidean properties,
;:ﬁs a curve in space-time. Moving in space,VWe shall encounter local gravita-
' —tional fields of planets, stars, galaxies, i.e., space-time curves which force
--==—the-wortd -line of a body tocurve,-similar to the manner in which on the two-
~dimensional surface of the earth mounds, knolls, hills and mountains curve
éiihe trajectory of a body moving over the terrestrial surface. But on the
=~earth, in addition to these local curves, the general curvature of the plan-
' Létgry surface also exists. Aside,fromllocal gravitational fields does not
A;;~curve exist in the universe similar to the overall curvature? If space-
_ﬁ”tlme as_a whole possesses such a curvature, the motion of a body, haV1ng
flown through space from a given point at a glven moment, would terminate .
‘thB«fllght at the same point and at the same time; its world line would be
_closed, just as the trip is closed of a round-the-world traveler, who set out
——along-the-surface of the earth;-not changing direction. But a closed line
_in space does not contradict the axioms of physics, whereas a closed world /lgz
' line and the arrival of a space traveler at the same point and at the same
~time that he set out on his trip are physically impossible. Einstein there-
.fore proposed that time is not curved but that only space possesses the
~curvature. A body which freely flies in the universe, regardless of the
local fields which change its direction, will fall at the same point, having
Mgeécribed a closed line the length of which depends on fhe space curvature.
~But -this will occur iﬁ billions of years and a return to the same instant will
‘mot occur. A similar structure of a four-dimensional world which involves
. spatial dimensions.which possess a curvature, while time does not possess a
uEurvature reminds one of a cylinder the surface of which is straight in one
dlmen51on (parallel to the axis) and curved in the other, transverse dlrectlon.

= The world of Einstein is therefore called a cylindrical world.

4'

This is a closed model of the unlverse. It has finite volume and the

trajectory of a freely moving body within it cannot be infinite. But such a
-ffinite universe does not resemble the finite universe of Aristotle; here there

' is no boundary which closes the universe. It also does not resemble the model
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- of a stellar island in a boundless ocean of empty space. Here the ocean
itself, although it has no shores, is limited. If we pass from three-

i:ﬂimensional space to a two-dimensional surface, it is easy to find a visual

* _representation; the surface of a sphere has no boundaries but it is finite
_in area and it is impossible to draw on it a geodetic line of unlimited

3~1ength.

Bl A similar concept concerning outer space is not uniquely possible. Here

(W]

~space becomes a spherical surface. and the geometry of the universe is the
 ”geometry of Riemann: through a point outsiae a line, not one line can be drawn
-~ which will not intersect the given line; the sum of the angles of a triangle
;’is greater than two right angles; perpendiculars to the same straight line
}jintersects etc. But it cannot be excluded that the geometry of the universe
"is different. It ié_possible to imagine a curved surface of the saddle surface
,fype_and to convinced that the geometry of Lobachevsky is realized on it: | /188
through a point outside a line it is possible to draw as many lines as desired

 are less than two right angles; perpendiculars to the same line diverge. If
outer space is a three-dimensional analog of such a surface, then it is open.
- It is open if space curvature does not exist, if its two-dimensional analog

-is a plane.

If the universe possesses a certaih space curvature, it may be constant
or it may depend on,timé. The second assumption forms the basis for the oft-
inoted models advanced by A, A. Fridman'in.1922, models of an expanding
‘universe. We already know that the red shift detected due to the spectra of
.distant stars confirmed the Fridman model. The question of the nature of the
7éxpanding‘universe is an opqn'oné. It is not possible to say now whether the

expansion occurs as an irreversible process or whether the universe pulsates
-and expansion will sometime be replaced by compression. The solution of this
iprdblem depends on data concerning the average density of matter in the
;ﬁhiverse and in general on the results of astronomical and astrophysical ob-
lservationé. It may be assumed that a ﬁnique solution will be found to the )
‘problem in the last third of our century, i.e., before the year 2000.

From the course of the new astronomical revolution we may also expect
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‘ 1n this perlod an answer to another cardinal cosmologlc ‘and cosmogonlc questlon.
Thls is the question of the state of the unlverse at the time when it began

.to expand

:;: . If we proceed from modern concepts concerning the rate of expansion we
~find that 7-14 billion years ago the universe was an overdense body. What was
fite temperature? In 1946 Gamow advanced the model of a '"hot universe'--
7 'the assumption of a very high initial temperature. When the expansion of the
Mnniverse brought it to an average density equal to the density of the center,
f;he temperature was approximately 1013’degrees, while previously at a higher

i density, the temperature was even higher.

Data for a certain solution of the problem concerning the initial state
-even with works which have a practlcal effect, Durlng a-study of radio noise -
:1n 1965 at Bell laboratories, thermal radiation was- ‘discovered which reaches /189
the earth from all sides with the same 1nten51ty. From the nature of this
""relic" radiation the existence was derived of a certain specified temperature
in intergalactic space and its value was linked with the-initial temperature
‘of the universe, as evaluated by the "hot" model. Numerous works associating
“this model with astrophysical data are based on the transmutation of elementary
particles (in particular, on the annihilation of heavy particles and the

preservatlon of the neutrino and several other partlcles)

- The problem of the symmetry of the universe is just as closely assoc1ated
with the theory of elementary particles. In the theory of elementary partlcles
" “we examine matter (electrons, protons, neutrons, etc.) and antimatter (positrons,
';ntiprotons, antineutrons, etc.) Is the universe symmetrical in the sense that
" matter and antimatter are represented in it in quantitatively equal shares?
:Theorles exist which derlve from the newest hypotheses concerning elementary
;partlcles of asymmetry of the universe--a lack of macroscopic concentrations of
L3 iantlmatter. The celestial bodies and galaxies of which the universe consists
}represent matter. There are other theories which propose the presence of anti-
Hgtars and entire antigalaxies. They include cosmogonic concepts--an assumption
-'concerning a certain initial ambiplasma (from the Greek word "ambios'--both),
which consists of matter and antimatter. At a certain stage in the development
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"Mﬂf the universe in powerful nonuni form grav1tat10na1 and magnetlc fields matter
. ‘.W_“.and antimatter separate w1thout collisions between particles and antiparticles.

. Subsequent evolution includes annlhllatlon processes which are appealed to in

?F»partlcular in explalnlng the powerful radlatlon of quasars.

. 'Contemporary cosmology is characterized by its integral character. The

problems noted of homogeneity, infinity, expan51on, initial state in symmetry

s S

= of - the universe may be solved only within the framework of a unlfied picture.
"‘Par'example, the assumption concerning the separation of ambiplasma w1thout
.Npartlcle collisions must somehow be reconciled with the high initial den51ty_
*> _of the universe in the initial stefe which results from the theory of an ex-
,n_;pmnding universe, There are many such relationships and as a whole they f ]129
-exclude the possibility of the separate solution of fundamental astrophysical »
gu'jprdblems. These problems cannot be solved apart from the construction of the
' more general theory of elementary particles, At the same time such compara-
tively special problems, such as the nature of supernovae, the nature.of
quasars,. etc., may be uniquely solved only in comnection with the solutlon of

- fundamental problems.

-In contemporary astrophysics the Einstein requirement of "internal per-

- fection" has become real to an unprecedented extent.

?~ Such a requirement cannot be satisfied within the framework of the, i
- elassical ideal of scientific explanation. This ideal consists of a reference;
to a certain plan of interabting'aiscrete bodies as the last component of
hﬁnalysis. The new, nonclessical ideal of scientific explanation excludes the
_last components of analysis'and is closer to the nonlinear concept of Spinoza
1cnncerning patﬁre which interacts with itself and it introduces into science
E fa concept concerning the interaction of fields and a self-consistent system of
‘:iarticles whose existence, rather than simple behavior, is the result of inter-
actlon. The new ideal of scientific explanatlon consists of the inclusion in i
23  the ana1y51s of the reaZzty of the universe of the existence of specific types
_,of elementary particles and of the existence of space, structure and evolutlon-
~_which depend on the transmutations of particles and in turn determine the

‘zw,course of these transmutations,




.-classical ideal of science give to civilization?

A change in the 1dea1 of sc1ent1f1c explanatlon has always proved to be

:“a turning point in_the development of civilization. What may the new, non- -
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